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a  b  s  t  r  a  c  t
The  Swiftlet,  Aerodramus  fuciphagus  Thunberg,  1812  (A.  fuciphagus)  is known  for its  edi-
ble  nest  building  ability.  The  present  study  was  conducted  to  examine  and  describe  the
morphology  of lingual  apparatus  and  associated  structures  which  contribute  to  the nest
building  ability  of the  A.  fuciphagus.  Gross  examination  was  done  on the  upper  and  lower
jaw  of  the beak  prior  to  tissue  processing  and  sectioning.  Following  ﬁxation  and  embedding,
cross-sections  of  the  lower  jaw  were  made  and  stained  with  hematoxylineosin  (HE) and
observed  under  the  light microscope.  Microscopy  examination  revealed  various  structures
within the  lingual  apparatus,  which  include  stratiﬁed  squamous  epithelial  lining, lingualSwiftlet
Lingual  apparatus
Salivary gland
Light  microscopy
salivary  glands,  hyaline  cartilage  and  intrinsic  skeletal  muscle.  Paired  sublingual  salivary
glands were  also  observed.  Taken  together,  these  ﬁndings  may  provide  some  new  insights
in understanding  the  role  of the lingual  apparatus  and  the  salivary  glands  of  the  Swiftlet  (A.
fuciphagus)  especially  in  its unique  nest  building  ability.
© 2014  Saudi  Society  of  Microscopes.  Published  by Elsevier  Ltd.  All  rights  reserved.1. Introduction
Swiftlets are small insectivorous birds, categorized
under the swift family of Apodidae Hartert, 1897. There are
about  24 species of Swiftlets worldwide, which are widely
distributed from the Indian Ocean, through to the South
East  Asian region, North Australia and the Paciﬁc Islands
[1,2]. Among these, only a few selected species of Swiftlets
from the genus of Aerodramus Oberholser, 1906 and Col-
localia  Gray, 1840 are known to build the ‘edible bird’s
nest’. The edible bird’s nest is the main ingredient of the
Abbreviations: EDTA, ethylenediamine tetra-acetic acid; HE,
hematoxylineosin; LM,  light microscope.
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2213-879X/© 2014 Saudi Society of Microscopes. Published by Elsevier Ltd. All riwell-known bird nest soup, an exquisite Chinese cuisine
[3],  which is claimed to have many therapeutic properties
[4]. Collectively, these species of Swiftlets are known as the
‘edible  nest Swiftlets’ [5].
Aerodramus fuciphagus Thunberg, 1812 is one of the
species of Swiftlets known as the ‘edible-nest Swiftlets’ [5].
Members  of this species build their nests almost entirely
out  of its salivary secretion, unlike other species of birds,
which  only utilize their saliva as a binding material [6,7].
The  source of this excessive salivary secretion is believed
to  be the paired sublingual glands of the Swiftlets [7,8].
The  present study was conducted to examine and
describe the morphology of the lingual apparatus and asso-
ciated  structures, which contribute to the nest building
ability of the A. fuciphagus species.2. Materials and methods
For  the purpose of this study, three adult edible-nest
Swiftlets identiﬁed as A. fuciphagus were used. These
ghts reserved.
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Fig. 1. Macroscopic view of the oropharyngeal region of the upper jaw:
(A) Cartilagenous hard palate; (B) Choana.
Fig. 2. Macroscopic view of the oropharyngeal region of the lower jaw:
Black arrow indicates a centrally attached lingual apparatus on the ﬂoor
of  the lower jaw; White arrow indicates the lateral ridges.S.W. Shah, N.A. Aziz / Journal of Micr
reshly dead birds were collected from a selected study area
ocated  in Kuala Besut, Terengganu, Malaysia. The species of
.  fuciphagus were identiﬁed based on the physical charac-
eristics  of the bird and its nest as described in the literature
5].
A  portion of the Swiftlet’s head which covers the whole
ength of the beak was cut. This was done by ensuring that
he  transverse cut includes the tip of the beak until the
ower  corner of the eye. This yielded separate upper and
ower  jaw. The lingual apparatus remained intact on the
oor  of the lower jaw. Observations of the morphological
ppearance of these sections were made prior to further
ample processing and images were captured using a digi-
al  camera (Canon Power Shot G5).
Subsequently, these parts were ﬁxed overnight in
arnovsky’s solution (2–4% gluteraldehyde +4% formalde-
yde, buffered in 0.2 M sodium cacodylate at pH 7.4) and
hen  washed with 0.1 M (pH 7.4) sodium phosphate buffer
olution. Sections were decalciﬁed in 10% EDTA solution for
–4  days before proceeding to tissue processing for paraf-
n  sectioning. This process helps to achieve a complete
emineralization of the beak. Upon decalciﬁcation, these
eaks  were sectioned after being processed by a tissue pro-
essor  (Tissue-Tek VIP 5, Sakura, USA) following protocols
or  Parafﬁn Wax  technique: (i) dehydration using gradual
ncrease in alcohol concentration (70–100%) for 3 h; (ii)
learing of alcohol from tissue by immersing them in xylene
or  15 min; (iii) impregnation with molten parafﬁn wax
or  1.5 h at 58–60 ◦C and embedded in parafﬁn wax. The
ections of 4–6 m thickness were then stained with HE.
istological sections were observed, analyzed and docu-
ented using a light microscope (BX 41, Olympus, USA)
tted  with a camera (Color View XS, Soft Imaging System,
ermany) and image viewer (analysis®, Soft Imaging Sys-
em,  Germany).
.  Results
.1. Gross morphology of the beak
Swiftlets have short, slightly hooked beak with a wide
ap.  Gross morphology of the beak showed that it con-
ists  of an upper and lower jaw. The palate of the upper
aw (Fig. 1) displayed the roof of the oropharynx, which
s  bordered by the maxillary rhamphoteca. The roof of the
ropharynx is observed to be formed by cartilaginous hard
alate,  which appeared pale (whitish to pinkish in color),
lossy  and slightly transparent. The roof of the orophar-
nx also displayed a median longitudinal ﬁssure known
s  choana, in the caudal half of the palate. The lower jaw
Fig.  2) or the ﬂoor of the oropharynx is supported by the
andible, with visible lateral ridges (Fig. 2, white arrow)
nd  a centrally attached triangular body of the lingual appa-
atus  (Fig. 2, black arrow).
.2.  Lingual apparatusHistologically, the lingual apparatus (Figs. 3 and 4) is
ined  with stratiﬁed squamous epithelium. There is appar-
nt  absence of taste buds. Minor salivary glands (glandula
ingualis) were found in abundance immediately under
Fig. 3. Cross section of the lingual apparatus: (A) epithelium lining; (B),
minor salivary glands; (C), cartilagenous structures; (D), intrinsic mus-
cle; arrow indicates oriﬁce or an opening to the surface. LM;  HE.  4 × 10
objective magniﬁcations. Scale bar = 500 m.
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 the cus
ual app
served uFig. 4. Lingual apparatus associates structures: (A) and (B) arrows indicate
LM;  HE. Scale bar = 500 m;  (C) cartilagenous structure within the ling
bar  = 50 m;  (D) intrinsic skeletal muscle within the lingual apparatus ob
the epithelial lining. There is also the presence of visible
openings or oriﬁces that project to the epithelial sur-
face (Fig. 3, arrow). Oval cartilagenous structures were
present at both lateral sides within the lingual apparatus
(Figs. 3 and 4C). There is also presence of intrinsic skeletal
muscles (Figs. 3 and 4D). Prominent glandular structures
(glandula sublingualis) were found at both lateral sides
cushioning the lingual apparatus (Fig. 4A and B). These
glandular structures were mainly composed of numerous
large islands of secretory regions which were clearly sub-
divided  by well-deﬁned borders. These secretory regions
were  predominantly mucous secreting which appears as
lightly  stained areas. There are also some serous-secreting
areas which were observed as islands of secreting cells
stained with darker pink-purple color shades.
4. Discussion
4.1. Salivary glands
Salivary  glands found in the Swiftlet’s oropharyngeal
region reﬂect their relative capacity to produce massive
amounts of salivary secretion, which is important in its
nest  building role. This is based on the histological ﬁndings
of  the present study which show numerous minor sali-
vary  glands distributed within the lingual apparatus and
also  sublingual salivary glands associated with the lingualhioning position of the sublingual glands. 4 × 10 objective magniﬁcations.
aratus observed under 40 × 10 objective magniﬁcations. LM;  HE. Scale
nder 40 × 10 objective magniﬁcations. LM;  HE. Scale bar = 50 m.
apparatus. Unlike mammalian salivary glands, which are
prominent and well-developed, the bird’s salivary glands
consist  of a number of smaller salivary glands [9,10]. In
the  domestic chicken, Gallus gallus, ﬁve salivary glands
have been described which consist of the lingual (glan-
dula  lingualis), preglottal (glandula praeglottalis), sublingual
(glandula sublingualis), mandibular (glandula mandibularis)
and laryngeal (glandula laryngealis) salivary glands [11].
In  some avian species, development of the salivary gland
is  thought to be mostly inﬂuenced by their dietary habit
[12,13].
Our  observation of the sublingual salivary glands of
the  present species supports other preceding theories on
the  origin of nest-cementing substance of the edible nest
Swiftlets [8]. These structures are believed to be the major
source  of the salivary secretion as reported by earlier inves-
tigators.  It has been reported that the size of the salivary
gland is inﬂuenced by its reproductive cycle [14]. The
hypertrophic condition of the sublingual salivary gland in
A.  fuciphagus as observed in the present study strongly sug-
gests  that the amount of salivary secretion produced may
be  related to the nest building ability of the Swiftlets. The
salivary secretion is known to be mucin [15], which is hard-
ened  as it is layered into the form of a cup-shaped nest.
Our  observation of this species revealed the existence
of minor salivary glands within the lingual apparatus. It
is  suggested that these minor salivary glands may well
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ontribute signiﬁcantly to the activity of the edible nest
wiftlets in producing saliva or perhaps a special kind of
aliva  for nest building. Thus, the unique morphological
eatures of this salivary gland of the Swiftlets could play
 signiﬁcant role in explaining its nest building ability.
.2.  Lingual apparatus histological structure
The lingual apparatus is an important structure in the
echanism of feeding [16]. In most vertebrates, this struc-
ure  also plays other additional roles, which are diversiﬁed
nd  are based on the species and the environmental condi-
ions.  The epithelial structure lining the lingual apparatus
f  birds is of the stratiﬁed squamous epithelium type which
s  also observed in the Swiftlets. Most birds species has
eratinized, stratiﬁed squamous epithelium lining the sur-
ace  of the tongue [17,18]. However, there are some bird
pecies  such as the partridge whose lingual epithelium
s of the stratiﬁed, non-keratinized type [19]. Taste buds
re  mainly located within the lingual epithelium of the
irds  [16] and it may  be present or sometimes absent in
ome  bird species [20]. In the case of A. fuciphagus species,
his  structure is apparently absent, but the small open-
ngs/oriﬁces found on the surface may  perform a similar
unction. The cartilaginous structure found within the lin-
ual  apparatus of the Swiftlets shows the characteristics of
 hyaline cartilage, which is thought to provide ﬂexibility
o  the tongue in its movement. In the partridge, hyaline
artilage forms the skeleton of the lingual apparatus and
xes  the intrinsic skeletal muscle [19]. The presence of
ntrinsic  skeletal muscle within the lingual apparatus of
he  Swiftlets may  indicate the extent of mobility of the
ongue structure, showing the dexterity needed to perform
est-building activities.
.  Conclusion
Our study has disclosed some ﬁndings, which may  help
o  explain the ability of the edible nest Swiftlets, A. fuciph-
gus,  to build their nests from their saliva. Taken together,
he  role of the sublingual and the minor salivary glands
f  the edible nest Swiftlets may  now be correlated to its
bility  to produce massive amount of salivary secretion
ssential in nest building. Further histochemical and ultra-
tructural  studies of the salivary glands of the edible nest
wiftlets species are suggested in order to understand the
roper  relationship between its histological structures and
he  biochemical properties of the salivary secretion.onﬂict of interest
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